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Abstract Male germ-line chromosomes are examined in three species of stag 
beetles (Lucanidae), six subspecies of Dorcus titanus, D. metacostatus and D. taurus tau- 
rus. The diploid chromosome numbers of these Dorcus species are 12, 14, and 10, respec- 
tively. The sex-bivalent of the first division is of parachute-type (XYp) both in D. titanus 
and D. metacostatus, and neoXY in D. taurus. 

The conventional and C-banding analyses, under the supposition that D. titanus is a 
genealogical progenitor of D. taurus, suggest that the karyotype of D. taurus (2n=10, 
neoXY) is formed from D. titanus (2n=12, XYp) by autosome-genosome fusion, by which 
the diploid chromosome number reduces from 12 to 10 and the synaptic mode of the sex 
chromosomes turns from XYp to neoXY. 
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Introduction 


We (ABE et al., 1969, 1976, 1992; Kupon et al., 1970) have hitherto studied the 
chromosomes of 13 species of eight genera (Ceruchus, Aesalus, Platycerus, Lucanus, 
Prismognathus, Prosopocoilus, Dorcus and Figulus) of the Lucanidae, paying special 
attention to their chromosome numbers and XY synapsis. 

In this report we will describe the germ-line chromosomes of three Dorcus 
species: D. metacostatus, six subspecies of D. titanus (most of these were formerly 
classified as distinctive species) and the nominotypical subspecies of D. taurus, all of 
which have not yet been chromosomally examined. Also their chromosomal relation- 
ships are briefly discussed. 
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Table 1. Materials of three Dorcus species used for the chromosome observation. 


Species / Collecting Sex 


subspecies date No. Locality =o up 
D. metacostatus 26 Sep. 1974 l & Yasuno, Is. Amami Oshima, 2n=14 XYp 
Kagoshima Pref., Japan 

D. titanus platymelus 2 May 1979 29 Sichuan, China 2n=12 XYp 

D. titanus sika 19 Aug. 1995 66 Puli, Taiwan 2n=12 XYp 

D. titanus pilifer 16 Jul. 1991 28 Miyaki-gun, Saga Pref., Japan 2n=12 XYp 
10 Feb. 2000 38 Sedaka-cho, Fukuoka Pref., Japan 2n=12 XYp 

D. titanus elegans 25 Oct. 1972 19 Yasuno, Is. Amami Oshima, 2n=12 XYp 

Kagoshima Pref., Japan 

D. titanus daitoensis 15 Mar. 1999 18 Daitoh Islands, Okinawa Pref., Japan 2n=12 XYp 

D. titanus titanus 21 Nov. 1999 128 Cameron Highlands, Malaysia 2n=12 XYp 

D. taurus 18 Aug. 1998 l ő Layaestate, Is. Langkawi, Malaysia 2n=10 neoXY 
25 Nov. 1999 4&8 Cameron Highlands, Malaysia 2n=10 neoXY 





* First record from Is. Langkawi. 


Materials and Methods 


Adult males of three Dorcus species, D. metacostatus KIKUTA, D. titanus (six sub- 
species, see Table 1), and D. taurus taurus (FABRICIUS) were used in the present study. 
Identification and taxonomical treatment of beetles follow MIZUNUMA and NAGAI 
(1994). The localities and dates of their collection, and the number of individuals ex- 
amined are summarized in Table 1. Of these, D. t. taurus was firstly recorded from Is. 
Langkawi. 

Testes were either squashed after staining with aceto-orcein for D. metacostatus 
and D. t. elegans, or minced and air-dried for Giemsa staining for D. t. pilifer, D. t. 
platymelus and D. t. daitoensis. Those of the other species and subspecies were pre- 
pared according to Crozier (1968). Dorcus. t. taurus and three subspecies of D. ti- 
tanus were C-banded. The BSG method (SUMNER, 1972) was adopted for C-banding. 


Results 


All the specimens examined in the present study contained sufficient number of 


the first and second spermatocytes and spermatogonia to determine the haploid and 
diploid numbers (n and 2n) of the chromosomes. In each taxon the haploid and diploid 
numbers were determined with at least thirty metaphases. 

1) Dorcus metacostatus 


This species has a diploid chromosome number of 14 (2n= 14), consisting of two 
submetacentric (SM) pairs of autosomes (Nos. 3 and 5), four metacentric (M) pairs 
(Nos. 1, 2, 4, and 6) and sex chromosomes, a metacentric X and an acrocentric (AC) Y 
(Fig. la). The first spermatocytes (MI) showed n=7 with a typical parachute-type XY 
synapsis (Fig. 1b). In the second division (MII, n=7) two classes of spermatocytes, an 
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Fig. 1. Chromosomes of Dorcus metacostatus: a, representative karyotype of Dorcus metacostatus; b, 
first-meiotic metaphase; c, second-meiotic metaphase with x-class: d, second-meiotic metaphase with 
y-class. (Thick arrow indicates X, and thin arrow Y chromosomes, respectively.) 


X-class and a Y-class, were distinguished from each other (Fig. 1c & d). In the Y-class 
MII the Y chromosome was identified as acrocentric, whereas the X chromosome was 
not identified in the X-class MII due to coexistence of autosomes of similar morphol- 
ogy. 


2) Dorcus titanus 
Conventional staining. All the subspecies examined showed 2n=12, and their 


karyotypes consisted of five pairs of large autosomes (SM in Nos. 1 and 4, and M in 
Nos. 2, 3 and 5) and small sex chromosomes, probably a submetacentric X and a dot- 
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Fig. 2. Representative karyotypes of Dorcus titanus: a, Dorcus titanus platymelus from Sichuan; b, D. t. 
= 3 id a m Tr * 
sika from Puli; c, D. t. pilifer from Miyaki-gun; d, D. t. elegans from Yasuno; e, D. t. daitoensis from 
the Daitoh Isls.; f, D. t. titanus from the Cameron Highlands. 


like Y (Fig. 2). 

Diplotene chromosomes of these subspecies commonly exhibited a characteristic 
beads-like feature irrespective of their collecting localities. A representative diplotene 
plate of D. t. platymelus from China is presented in Fig. 3a. The XY synapsis in MI 


Å a a 

Fig. 3. First and second division of Dorcus titanus: a, Dorcus titanus platymelus from Sichuan; b, D. r. 
sika from Puli; c, D. t. pilifer from Miyaki-gun; d, D. t. elegans from Yasuno; e, D. t. daitoensis from 
the Daitoh Isls.; f, D. t. titanus from the Cameron Highlands. Left: First-meiotic division. Middle: 
Second-meiotic division, x-class. Right: Second-meiotic division, y-class. (Arrows indicate X [thick 
arrows] and Y [thin and long] chromosomes.) 
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spermatocytes was of parachute-type in this species, and thus the X-class and Y-class 
MII spermatocytes were easily distinguishable from each other (Fig. 3a). 

C-band staining. Dorcus. t. sika from Puli of Taiwan, D. t. pilifer from Fukuoka 
of Japan and D. t. titanus from the Cameron Highlands of Malaysia were C-banded. 
All the autosomes of these subspecies apparently carry a centromeric C-band, but C- 
bands of the sex chromosomes were too indistinct to determine their centromeric loca- 
tion (Fig. 4). 

3) Dorcus taurus taurus 

Conventional Staining. Two males from the Cameron Highlands and two males 
from Langkawi were examined, and no discernible variation of chromosomes was de- 
tected between these two geographically isolated populations. The karyotypes from 
spermatogonia consisted of three metacentric pairs and two submetacentric pairs, one 
of which was heteromorphic, appearing to be the sex chromosomes X and Y (Fig. 5). 
Thus, the diploid chromosome number was determined to be 10. The X chromosome, 
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Fig. 4. C-banded karyotypes of Dorcus titanus sika (a) and D. t. titanus (b). 
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Fig. 6. First and second divisions of Dorcus taurus, a, Langkawi. Left: First division. Right: Second di- 
vision. b, Cameron Highlands. First division. 


the second largest element in the complement, was quite remarkable in that the distal 
part of its long arm can be morphologically distinguished from the remaining part due 
to rather light staining. The Y chromosome was a slightly smaller SM than the X. 
Therefore, D. taurus apparently differed from both D. metacostatus and D. titanus in 
autosomal constitution as well as in sex chromosome morphology. The MII spermato- 
cytes had five bivalents, of which four showed a typical dumbbell feature (so-called 
rod-type) and the remaining one, the largest bivalent, showed an asymmetric dumbbell 
feature. The latter one is supposed, judging from the spermatogonial karyotypes, to be 
the neoXY bivalent (neoXY) (Fig. 6 a & b). 

C-band Staining. C-banded karyotypes were obtained only in spermatogonia 
from the Cameron Highlands (Fig. 5 c). In D. taurus, all the chromosomes including 
the sex chromosomes had centromeric C-bands. In addition to these centromeric C- 
bands, the X chromosome had a distal C-band on their long arm which was rather 
lightly stained by conventional staining (Fig. 5 a & b). 


Discussion 


Figures 1 a and 2 a show the submetacentric chromosomes (Nos. 3, 5, and X) of 
D. metacostatus and (Nos. 1, 4 and X) of D. titanus, respectively. The X chromosome 
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of D. metacostatus is much larger than that of D. titanus. No. 1 pair of the chromo- 
somes of D. titanus has longer arms than those of the other pairs, making a clear dis- 
tinction in size. The number of the pairs of chromosomes in D. titanus is one less than 
that of D. metacostatus. If we hypothesize that D. titanus was diverged from a kary- 
ologically similar congener of these two species and that D. titanus is a phylogenetic 
progenitor of D. taurus as a result of the fusion of one of the pairs of the constituting 
chromosomes of D. metacostatus into No. 3 of itself, it will correspondingly explain 
the production of a large No. | pair of the chromosomes of D. titanus with the reduc- 
tion of one chromosome. In spite of a distinct karyological difference between these 
two species, they have much in common in that the autosomes of both species are only 
metacentric and submetacentric, and that XY synapses are of XY parachute-type. In 
order to clarify rearrangements in chromosomes, further genealogical research and 
analyses are needed in the near future using efficient G-banding techniques. 

Since D. taurus has one less pair of chromosomes than D. titanus and lacks a sub- 
metacentric pair corresponding to pair No. | of D. titanus (Fig. 5 a & b), it may be 
supposed, based on the chromosome morphology and C-band position, that pairs Nos. 
1 and 2 of D. taurus correspond to pairs Nos. 2 and 3 of D. titanus, respectively, and in 
the same way pairs Nos. 3 and 4 in the former correspond to pairs Nos. 4 and 5 in the 
latter, respectively. If this is the case, it would be probable that the large neoXY chro- 
mosomes of D. taurus might have been formed by the fusion of pair No. 1 and the 
small XY of D. titanus. Taking this view into consideration, the distal C-bands of the 
XY chromosomes in D. taurus may have their origin in the sex chromosomal C-bands 
of D. titanus. So far as these two species are concerned, it is most likely that the synap- 
tic mode of the sex chromosomes has turned from the parachute-type (XYp) to the 
neoXY through rearrangement by the fusion of one autosomal pair with the small XY 
chromosomes, and such rearrangement resulted in a marked increase in the size of the 
sex-chromosomes. This fashion of the chromosome rearrangement was found in 
Oileus, Passalidae by VIRKKI and REYES-CASTILLO (1972) and in Dendroctonus, 
Scolytidae by SMITH and VIRKKI (1978). However, more direct proofs might be ob- 
tained by using G-banding techniques. 


In this study we have discerned no karyological differences among the six sub- 
species of D. titanus. 
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妥 約 
阿部 東 ・ 工 藤 頁 次 : ク ワ ガ タ 属 3 種 の 染色 体 と 核 型 進化 . — スジ プ ト ヒ ラ タ ク ワ ガ タ 


ヒラ タク ワ ガ タ の 6 亜 種 と タウ ルス ヒラ タク ワ ガ タ の 貧 色 体 を 調査 し た . スジ プ ブ ト ヒラ タク ワリ 
ガタ は 2n, 14, XYp (パラ シュ ー ト 型 ) で ある . ヒラ タク ワリ ガ タ は 2n, 12, XYp で 小型 サ プ メ タ セ 
ント リッ ク の X, と くに 小さ い 点 状 の Y か ら な る . 各 亜 種 癌 で 核 弄 の 差 は 認め られ な か っ た . 
タウ ルス ヒラ タク ワ ガ タ は 2n, 10, ネオ XY で ある . 性 人 委 色 体 は 2 番目 に 大 きい サブ メタ セン ト 
リッ ク で ある . 

C バ ンド 柴 色 は ヒラ タク ワ ガ タ の 3 車種 と タ ウル ス ヒ ラ タク ワ ガ タ で 行なわ れ . ヒラ タク ワ 
ガタ で は , 6 対 の 常 染色 体 の 動 原 体 部 分 に に ヘテロ クロ マナ チン が 確認 され , 小さ い X で は 位置 
が は っ きり し な い . タウ ルス ヒラ タク ワリ ガタ で は 5 対 の 動 原 体 性 の へ テロ クロ マチ ン が 認め ら 
れる が , X 人 染色体 は この ほか に , 長 腕 の 先端 に に ヘテロ クロ マチ ナン を も う 1 個 多く 有する . タ 
ウル ス ヒ ラ タク ワ ガ タ に お ける , 大 型 で 先端 に も う 1 個 の ヘ へ テロ クロ マチ ン を 有する 性 染色 体 
に つい て , も し ヒラ タク ワ ガ タ の 核 型 が タウ ルス ヒラ タク ワ ガ タ の 核 型 より も 祖先 型 を 示す も 
の と 仮定 する な ら ば , タウ ルス ヒラ タク ワ ガ タ の 大 型 の X,Y は , WIRED XY AHH 
融合 し た も の と 考え る こと が で きる . その 結果 , ヒラ タク ワ ガ タ の よう に 2n, 12 よ り 2 個 減少 
し 。 PRPWVAEDFFTAVOHLA Mm, 10, CE), FOVAED? FIA FP DKEBORT 
生じ , セン トメ リッ ク の C バ ンド の ほか に , も と も と の X 柴 色 体 の C ヘ へ テロ クロ マチ ン が 付加 
し た ! 4S) と 考え る こと が で き , XYp か ら neoXY に 進化 し た と 考え られ よう . 
し か し これ は , 柴 色 体 の 形態 か ら の 仮説 で あっ て , G パ ンド 柴 色 な ど に よる 柴 色 体 再編 成 の 機 
構 の 調査 や 系 統 に 関す る さら な る 研究 が 必要 で ある . 
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